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缩写 英文全称 中文 
DMSO DimethylSulfoxide 二甲基亚砷 
MTT  Thiazolyl BlueTetrazolium Bromide 噻唑蓝 
PBS phosphate buffer saline 磷酸缓冲液 
SSD Silver sulfadiazine 磺胺嘧啶银 
LSD-t Least significant difference test LSD-t检验法 
S. aureus Staphylococcus aureus 金黄色葡萄球菌（金葡
菌） 
P. aeruginosa Pseudomonas aeruginosa 铜绿假单胞菌（绿脓杆
菌） 
HIV Human Immunodeficiency Virus 人类免疫缺陷病毒 
HBV Hepatitis B Virus  乙型肝炎病毒 
NaBH4 Sodium borohydride 硼氢化钠 
cfu Colony forming unit 集落形成单位 
EDTA Ethylene diaminetetra-accticacid 乙二胺四乙酸 









MMP metalloproteinases 金属蛋白酶 
























1. 抗菌活性实验  
（1）抗金黄色葡萄球菌活性实验： 
96 只健康雄性 Wistar 大鼠，戊巴比妥钠溶液（按照 80mg/kg）经腹腔注射
麻醉后，用 100℃开水制造一个大小为 5cm×3cm 的Ⅲ度烫伤创面。烫伤后立即
进行乳酸林格氏液腹腔注射补液复苏（4ml/kg/%TBSA）。10 min 后在烫伤创面涂





3、5、7 天取焦痂下组织做细菌定量培养，第 7 天取脊柱旁肌肉组织做细菌定量
培养、心脏采血行血常规白细胞计数，并取焦痂下组织和脊柱旁肌肉组织做 HE
染色和 Geimsa 染色并评分。用 SPSS19.0 统计学软件处理数据，对资料进行正态
性检验，非正态资料两两比较用 Mann-Whitney U 检验；多组间比较用 Kruskal--




















取 40 只健康雄性 Wistar 大鼠，戊巴比妥钠溶液（按照 80mg/kg）经腹腔注







第 21 天取组织做 HE 染色。用 Image J 软件处理计算出面积大小，然后计算创面
的收缩率。所有数据用均数±标准差表示，用 SPSS19.0 统计学软件处理数据，采
用单因素方差分析，两独立样本比较采用 t 检验，多组资料间两两比较采用 LSD-
t 法。p <0.05 有统计学意义。 
3. 体外细胞毒性实验 
（1）将大鼠角质细胞按 104/孔接种在 96 孔板中，将细胞分为 5 组，每组设 5 个
复孔，分别加入零浓度、低浓度、中浓度、高浓度单宁酸银凝胶和 DMSO 空白对



































Geimsa 染色：组Ⅱ轻度细菌定植，而组Ⅰ大量细菌定植，肌肉 Geimsa 染色评分
组Ⅱ与组Ⅰ、组Ⅲ之间存在统计学差异（p<0.05）。 
2.创面愈合作用实验结果 
    治疗后 14 天以后，组Ⅱ大鼠创面愈合速度加快。第 21 天，组Ⅱ创面收缩率
（65.1±1.3%）与组Ⅰ（54.8±1.8%）、组Ⅳ（58.4±1.9%）之间差异有统计学意
义（p<0.05），第 28 天，组Ⅱ的创面收缩率与其它组之间差别均有统计学意义
（p<0.05）。组Ⅰ大鼠烧伤创面完全愈合的时间为 35.9±1.4 d，组Ⅱ为 30.5±1.3 





培养后 24h 的比较，低浓度组在 72h角质细胞成活率降低（92.8±1.5% vs 97.1
±1.7%），有统计学差异（p<0.05），中等浓度组和高浓度组在 48h 和 72h 角质细
胞成活率均降低，有统计学意义（p<0.05）。 
(2)与培养后 24h 的比较，低浓度组在 72h 成纤维细胞成活率降低（91.4±












































Infection is one of the main causes of death. The wound is the main way of burn 
infection. The application of topical antimicrobial agents is an effective method to 
prevent and treat wound infection. Staphylococcus aureus and Pseudomonas aeruginosa 
are the most important bacteria in burn wound infection. This study use tannic acid 
silver gel and other topical antibacterial drugs on rats’ full thickness burn infection 
model to investigate antibacterial activity and healing effect. In order to find a new type 
of antibacterial agent, it provided the experimental and theoretical basis.  
Methods 
1. Antibacterial activity experiment  
(1) Anti-Staphylococcus aureus experiment  
96 healthy, male Wistar rats, were made a full thickness burn wound (5cm×3cm) with 
100 degrees boiling water on the back after intraperitoneal injection of anesthesia with 
pentobarbital sodium solution (80mg/kg). Each rat was intraperitoneal injected Ringer's 
solution (4ml/kg/%TBSA) immediately after scald. 1ml concentration of 1×108cfu/ml 
Staphylococcus aureus solution was applied to the wound surface after 10 min. 24 hours 
later, the animals were randomly divided into 4 groups by the random number table 
method. The group I (normal saline group, n=24) and group II (tannic acid silver gel 
group, n=24), group III (silver ion antibacterial agent group, n=24) and group IV (1% 
sulfadiazine silver group, n=24). Wounds were topical treatment every day. The group 
I was used physiological saline; group II was used tannic acid silver gel; group III was 
used silver ion antibacterial agent and group IV was used 1% sulfadiazine silver 
suspension. The subeschar tissues were quantitative bacterial culture (1d, 3d, 5d, 7d 
after the first chang dressing). Paraspinal muscles tissues were taken to quantitative 
culture of bacteria at 7th day. At the same tiame, blood was observed and analysed with 
















stain and Geimsa stain (making score). We used SPSS19.0 statistical software to test 
the data normality. Two group compared with Mann-Whitney U test and Kruskal--
Wallis H test was used to compare the multiple groups. Differences with p<0.05 were 
considered statistically significant. 
(2) Anti-Pseudomonas aeruginosa experiment  
The methods was the same as anti-Staphylococcus aureus experiment. But the wound 
was applied with 1ml 1×108cfu/ml Pseudomonas aeruginosa standard solution.  
 
2. Experiment of wounds healing effect  
40 healthy, male Wistar rats, were made a full thickness burn wound (5cm×3cm) with 
100 degrees boiling water on the back after intraperitoneal injection of anesthesia with 
pentobarbital sodium solution (80mg/kg). Each rat was intraperitoneal injected Ringer's 
solution (4ml/kg/%TBSA) immediately after scald. The animals were randomly 
divided into 4 groups by the random number table method. The group I (normal saline 
group, n=10) and group II (tannic acid silver gel group, n=10), group III (silver ion 
antibacterial agent group, n=10) and group IV (1% sulfadiazine silver group, n=10). 
Rats were changed dressing after inhalation anesthesia every two days. Wounds were 
topical treatment every two days from scald. The group I was used physiological saline; 
group II was used tannic acid silver gel; group III was used silver ion antibacterial agent 
and group IV was used 1% sulfadiazine silver suspension. We used transparent plastic 
film to describe the size of the wound (7d, 14d, 21d, 28d) and record the time of wound 
healing in each group. Tissues from wound were taken to HE stain at the 21th day. 
Image J software was used to calculate the size of the area, and then calculate the 
shrinkage rate of the wound. All data were expressed by mean±standard deviation. We 
used SPSS19.0 statistical software to test the data normality. Two group compared with 
LSD-t test and one-way ANOVA test was used to compare the multiple groups. 
Differences with p<0.05 were considered statistically significant. 
















(1) Rat keratinocyte cells were by 104 /hole inoculated in 96 microtiter plates. The 
cells were divided into 5 groups, respectively, zero concentration group and low 
concentration of tannic acid silver gel group, concentration of tannic acid silver gel 
group, high concentration of tannic acid silver gel group and DMSO blank control 
group. 100 ul of above liquid were added into the microtiter plates respectively 
according to the group. Microtiter plates were located in the constant temperature box. 
The survival rate of 24h, 48h and 72h were measured by MTT method after, and the 
survival rate of the cells was analyzed statistically. Differences with p<0.05 were 
considered statistically significant. 




1．Results of antibacterial activity experiment 
(1) Anti-Staphylococcus aureus experiment  
Results of subeschar tissues quantitative bacterial culture at the 7th day found that 
there was statistical significance between each group (p<0.05) between group II
（3.3±0.9×105cfu/g）and group I, (12.4±1.4×106cfu/g) ,group III (5.4±1.1×105cfu/g) 
and group IV (9.1±0.9×105cfu/g) . Results of muscle tissues bacterial quantitative 
showed that there was also statistically significant (p<0.05) between group II 
(2.9±0.9×104cfu/g) ,group III (1.2±5.2×104cfu/g) and group IV (8.2±0.9×104cfu/g). 
Seeing from H＆E staining, there were mild inflammatory reaction in group II, while 
group I were severe inflammatory reaction. Observing the Geimsa staining, there were 
mild bacterial colonization in group II, but group I with large number of bacterial 
colonization. The score of muscle Geimsa staining was statistical difference between 
group II and group IV (p<0.05).  
 (2) Results of anti-Pseudomonas aeruginosa experiment  
Results of subeschar tissues bacterial culture at the 7th day found that there was 
















(3.3±0.9×105cfu/g) ,group I (13.4±1.1×106cfu/g) ,group III (9.2±0.8×105cfu/g) and 
group IV (5.5±0.9×105cfu/g) . Results of muscle tissues bacterial quantitative showed 
that there was also statistically significant (p<0.05) between group II 
(2.6±0.9×104cfu/g), group III (8.1±0.9×104cfu/g) and group IV (5.5±0.9×105cfu/g). 
Seeing from H＆E staining, there were mild inflammatory reaction in group II, while 
group I were severe inflammatory reaction. Observing the Geimsa staining, there were 
mild bacterial colonization in group II, but group I with large number of bacterial 
colonization. The score of muscle Geimsa staining was statistical difference between 
group II and group III (p<0.05).  
 
2.  Results of Healing Effect experiment 
The wound healing speed of tannic acid silver gel group was accelerated after14 days. 
There were statistically significant differences (p<0.05) of wound contraction rates 
between group II (65.1 ±1.3%), group I (54.8±1.8%) and group IV (58.4±1.9%) at the 
21st day. Comparing with other groups, wound contraction rate had significant 
difference (p<0.05) at 28th day. The time of complete healing in group I was 35.9±1.4 
d, group II was 30.5±1.3 d, group III was 31.8±1.5 d, group IV was 33.4±1.5 d. There 
were statistically significant between each group (p<0.05). Observing the pathological 
morphology of the 21th day, we can see that group II necrotic tissue has fallen off, with 
many blood capillary formating. But there were still some necrotic tissue, less blood 
capillary, and heavier inflammatory reaction in group I. 
3.  Cytotoxicity test 
(1) Cell survival rate of keratinocyte were different at different tannic acid silver gel 
concentrations and time points. Comparing with 24 h, cell survival rate was significant 
differences (p<0.05) in the low concentration group at 72h (92.8±1.5% vs 97.1±1.7%). 
Meanwhile, Cell survival rate in medium concentration group were decline at 48h and 

















(2)Survival rate of fibroblast were different at different tannic acid silver gel 
concentrations and time points. Comparing with 24 h, cell survival rate was significant 
differences (p<0.05) in the low concentration group at 72h (91.4±1.7% vs 96.3±1.3%). 
Meanwhile, Cell survival rate in medium concentration group were decline at 48h and 




1. Tannic acid silver gel can significant inhibit the growth of Staphylococcus aureus 
and Pseudomonas aeruginosa on rats’ infection wounds. 
2. To a certain extent, tannic acid silver gel can promote the healing of rats’ burn wounds.  
3. Low concentration of tannic acid silver gel (The concentration of Ag is 27.216mg/L) 
was little toxicity for keratinocytes and fibroblasts in vitro. 
 
Keywords: Burn wound infection, Tannic acid silver gel, Antibacterial activity, 
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